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AMENDMENTS TO THE CLAIMS 

1. (Currently Amended) A frequency multiplier comprising: 

a delay circuit that receives a first clock signal having a first firequency and outputs a delayed 
clock signal, the delay circuit producing the delayed clock signal by applying a time delay to the first 
clock signal; 

an XOR gate that receives the first clock signal and the delayed clock signal, performs an 
XOR operation on the first clock signal and the delayed clock signal, and outputs the-a.second clock 
signal; and 

a control circuit that detects a phase difference between the first clock signal and the delayed 
clock signal, and outputs a control signal to the delay circuit corresponding to the detected phase 
difference, 

wherein the control signal controls a dviration of the time delay applied to the first clock 
signal by the delay circuit 

2. (Original) A frequency multiplier according to claim 1, wherein: 

the control signal includes a plurality of bit signals corresponding to the detected phase 
difference, each bit signal having a logic state. 

3. (Currendy Amended) A frequency multiplier according to claim 1, wherein: 
the control circuit includes 

a phase detector that receives the first clock signal and the delayed clock signal and outputs a 
first voltage and a second voltage, the first and second voltages corresponding to the detected phase 
difference between the first clock signal and the delayed clock signal; 
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a comparator that compares the first voltage and the second voltage, generates a comparison 
result and outputs a logic signal having a predetermined logic state corresponding to the comparison 
result; and 

a coimter that outputs the control signal in synchronization with the first clock signal, 
wherein the logic state of 'the-a_plurality of bit signals correspond to the logic signal output 
from the comparator. 

4. (Original) A frequency multiplier according to claim 3, wherein: 
the phase detector includes 

a first voltage control unit that receives the first clock signal and the delayed clock 
signal and controls the first voltage in response to logic states of the first clock signal and the 
delayed clock signal, and 

a reset signal generating unit that generates a reset signal using the first clock signal 
and the delayed clock signal; 

a reset unit that sets the first voltage and the second voltage at a reset voltage level in 
response to the reset signal; and 

a second voltage control unit that receives the reset signal and controls the second 
voltage in response to the reset signal. 

5. (Original) A frequency multiplier according to claim 4, wherein: 

the first voltage control unit increases the first voltage when the first clock signal has a fiirst 
logic state and the delayed clock signal has a second logic state; 

the first voltage control unit decreases the first voltage when the first clock signal and the 
delayed clock signal have the first logic state; and 
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when the first clock signal has the second logic state, the first voltage control unit and the 
second voltage control unit set the first voltage and the second voltage to a reset voltage. 

6. (Original) A firequency multiplier according to claim 1, wherein: 

the control signal includes a plurality of bit signals, each bit signal having a logic state, 
wherein the duration of the time delay applied to the first clock signal by the delay circuit 
corresponds to the logic states of the bit signals. 

7. (Original) A frequency multiplier according to claim 6, wherein: 

the delay circuit includes a plurality of inversion circuit groups, the inversion circuit groups 
being serially connected between input and output terminals of the delay circuit, and further wherein 
each inversion circuit group includes a plurality of inversion circuits connected in parallel, an 
incremental time delay applied by each inversion circuit group is controlled in response to activation 
of the inversion circuits, in which at least one inversion circuit is activated in response to the control 
signal, the incremental time delays applied by each inversion group determining the time delay 
applied by the delay circuit. 

8. (Original) The frequency multiplier of claim 1, wherein: 

the second clock signal has a second frequency that is twice that of the first frequency. 

9. (Original) A frequency multiplier comprising: 

a delay circuit that receives a first clock signal, applies a time delay to the first clock signal 
and outputs a delayed clock signal; 



Page 4 



Application No. 10/655,024 
Docket No. 2557-0001 70/US 

a logic circuit that receives the first clock signal and the delayed clock signal, synthesizes the 
first clock signal and the delayed clock signal and outputs a second clock signal; 

a phase detector that detects a phase difference between the first clock signal and the delayed 
clock signal and outputs a first voltage, wherein the first voltage corresponds to the detected phase 
difference, and a second voltage, wherein the second voltage is a reference voltage; 

a comparator that compares the first voltage and the second voltage to generate a 
comparison result and outputs a logic signal corresponding to the comparison result; and 

a counter that outputs a digital signal to the delay circuit, the digital signal including N-bits 
having logic states corresponding to the logic signal, 

wherein the digital signal is synchronized with the first clock signal, and 

ftirther wherein the time delay applied by the delay circuit corresponds to the digital signal. 

10. (Original) A frequency multiplier according to claim 9, wherein: 
the first voltage increases during a first period of the first clock signal; 

the first voltage decreases during a second period of the first clock signal; and 
the level of the first voltage is set to be approximately equal to the second voltage during a 
third period of the first clock signal. 

11. (Original) A frequency multiplier according to claim 10, wherein: 

the first period starts at a rising edge of the first clock signal and ends at a rising edge of the 
delayed clock signal; 

the second period starts at the rising edge of the delayed clock signal and ends at a falling 
edge of the first clock signal; and 
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the third period starts at the falling edge of the first clock signal and ends at a falling edge of 
the delayed clock signal. 

12. (Original) A frequency multiplier according to claim 9, wherein: 

a value of the digital signal of N-bits output from the counter is adjusted in response to the 
logic signal by changing the logic state of at least one of the N-bits of the digital signal. 

13. (Original) A frequency multiplier according to claim 9, wherein: 
the first clock signal has a first frequency; and 

the second clock signal has a second firequency, wherein the second frequency is twice that 
of the first frequency. 

14. (Original) A method of frequency multiplication comprising: 

(a) receiving a first clock signal and applying a time delay to the first clock signal to 
generate a delayed clock signal; 

(b) performing an XOR operation on the first clock signal and the delayed clock signal 
to generate a second clock signal; 

(c) detecting a phase difference between the first clock signal and the delayed clock 
signal and generating a digital control signal corresponding to the detected phase difference; and 

(d) using the digital control signal to set a duration of the time delay applied to the first 
clock signal. 

15. (Currentiy Amended) A method of frequency multiplication according to claim 14, 
wherein: 
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receiving the first clock signal and applying a time delay to the first clock signal to generate ft 
second the delayed clock signal includes 

receiving the digital control signal; and 

setting a duration of the time delay according to a logic state of the digital control 

signal. 



16. (Original) A method of frequency multiplication according to claim 14, wherein: 
detecting a phase difference between the first clock signal and the delayed clock signal and 
generating a digital control signal corresponding to the detected phase difference includes 
(cl) receiving the first clock signal and the delayed clock signal; 

(c2) generating a first voltage and a second voltage corresponding to the detected phase 
difference; 

(c3) comparing the first voltage and the second voltage to generate a voltage comparison 

result; 

(c4) generating a logic signal having a predetermined logic state corresponding to the 
voltage comparison result; 

(c5) setting the logic state of the digital control signal to correspond to the logic signal; 

and 

(c6) outputting the digital control signal in synchronization with the first clock signal. 



17. (Original) A method of frequency multiplication according to claim 16, wherein: 
setting the logic state of the digital control signal to correspond to the logic signal includes 
(c51) incrementing or decrementing a value of the digital control signal in response to the 
logic signal. 
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18. (Original) A method of frequency multiplication according to claim 16, wherein: 
generating a first voltage and a second voltage corresponding to the detected phase 

difference includes 

increasing the first voltage when the first clock signal has a first logic state and the 
delayed clock signal has a second logic state; and 

decreasing the first voltage when the first clock signal has the first logic state and the 
delayed clock signal has the first logic state. 

19. (Original) A method of frequency mvilriplication according to claim 18, wherein: 
generating a first voltage and a second voltage corresponding to the detected phase 

difference includes 

setting the first voltage and the second voltage to a reset voltage value when the first 
clock signal has the second logic state. 

20. (Original) A method of frequency multiplication according to claim 14, wherein: 

(a) receiving a first clock signal and applying a time delay to the first clock signal to 
generate a delayed clock signal includes inputting a first clock signal into a delay circuit and 
outputting a delayed clock signal from the delay circuit; 

(b) performing an XOR operation on the first clock signal and the delayed clock signal 
to generate a second clock signal includes inputting the first clock signal and the delayed clock signal 
into a XOR circuit and outputting a second clock signal from the XOR circviit; 

(c) detecting a phase difference between the first clock signal and the delayed clock 
signal and generating a digital control signal corresponding to the detected phase difference includes 
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inputting the first clock signal and the delayed clock signal into a phase detector and 
outputting a first voltage and a second voltage firom the phase detector, 

sensing the first voltage and the second voltage in a comparator and outputting a logic signal 
fi:om the comparator, 

inputting the first clock signal and the logic signal into a counter and outputting a digital 
control signal; and 

(d) using the digital control signal to set a duration of the time delay applied to the first 
clock signal includes using the logic state of N-bits included in the digital control signal to activate at 
least one of a plviraUty of inversion circuits, wherein the duration of the time delay applied to the 
first clock signal corresponds to the activated inversion circuits. 

21. (New) A method of frequency multiplication comprising: 

(a) receiving a first clock signal and applying a time delay to the first clock signal to 
generate a delayed clock signal; 

(b) performing an XOR operation on the fiirst clock signal and the delayed clock signal 
to generate a second clock signal; 

(c) detecting a phase difference between the first clock signal and the delayed clock 
signal and generating a digital control signal corresponding to the detected phase difference; and 

(d) using the digital control signal to set a duration of the time delay applied to the fiirst 
clock signal, 

wherein (c) further includes, 

comparing a first voltage corresponding to the first clock signal to a second 
voltage corresponding to the delayed clock signal; 
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outputting a signal to increase the level of the digital control signal if the 
difference between the first and second voltages is greater than a threshold value, 
and outputting a different signal to decrease the digital control signal level if the 
difference between the first and second voltages is less than the threshold value. 
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